ABSTRACT
Introduction
Broomrapes belong to Orobanchaceae family and are obligate root parasites that completely dependent on their host for water and carbon sources (26, 28) . Some broomrapes are rare botanical specimens, but several of them are among the most damaging agricultural pests. At present, over 73 million hectares of farmland are infested with broomrapes (1, 3) , which causes great economical losses (3, 8, 15, 16, 17, 18, 19, 20, 23, 24) .
Within the taxonomic categories there are different ecological groups. For instance, they can be differentiated as monophages, olygophages and polyphages, which form specific characteristics in every distinct host-parasite system. the understanding of the interactions between parasitic plants and the host is an important step for the development of durable control strategies based on host resistance. For this purpose, the role of the complete multitude of factors involved in the establishment of host-parasite associations should be considered. The recent developments in the field of Orobanchaceae research underline the significance of microbial communities and the need to consider them as a biotic component in host-parasite systems.
the origin of the interaction between plants and soil-borne microbes, such as arbuscular mycorrhizal fungi (AM), can be traced back to at least 460 million years ago (13, 21) , which suggests that the colonization of land by plants was assisted by AM (7, 13, 22) . this symbiosis is based on the improvement of the nutritional status of both partners. the plant provides organic carbon compounds to the fungus, whereas the fungus acquires inorganic mineral nutrients, mainly phosphate. the inorganic compounds acquired by the fungus are translocated to the arbuscules and released to the plant (6, 14) .
this long-lasting symbiosis is mediated by exchange of chemical signals which promote the pre-symbiotic stage of the colonization of roots by AM fungi (2, 27) . the parasitic weeds, like Striga and orobanche, also use part of this signaling mechanism to establish a parasitic relationship with the hosts roots (5, 10) . The formation of AM, however, can significantly change the host plant-parasitic plant interactions. For instance,
STRUCTURAL AND FUNCTIONAL BIODIVERSITY OF MICROBIAL COMMUNITIES IN THE RHIZOSPHERE OF PLANTS INFECTED WITH BROOMRAPES (OROBANCHACEAE)
tsveta hristeva 1 , teodora Dekalska 1 and iliya Denev mycorhizal colonization of pea by Glomus mosseae and Glomus intraradices suppress the seed germination of Оrobache crenata, Оrobache foetida, and Phelipanche aegyptiaca (6) . Both fungal species exert their action selectively and have no influence on Оrobache minor germination. this fact could be considered as an ordinary consequence, but also as a protective mechanism of the host, since the mycorrhiza enhances the defense against root pathogens. Vierheilig (25) proposed that once the plant is colonized by AM fungi it exudes signals that suppress further AM colonization. collaterally, this effect represses soil pathogens attracted by the same signal molecules that are active against AM fungi (25) . Using tomato as a model plant, lopes-Raez et al. (11) we have shown that AM symbiosis induces changes in transcriptional and hormonal profiles, including significant reduction of strigolactone production. however, when parasitic relations are established, probably broomrapes can also influence the interaction between plants and soil-borne microbes. in plants, rhizosphere biochemical processes associated with the nutrient cycle are continuously performed. Diverse microbial communities are established in the rhizoshphere of different plants in strictly regulated interdependent relations. therefore, the presence of broomrapes can definitely affect their structure, density, biodiversity and function.
The aim of this study was to determine how different hostparasite associations influence the level of biodiversity in the major trophic groups of soil microorganisms in the rhizosphere.
Materials and Methods
eleven systems with eight hosts and nine broomrapes species were assessed in this study. the examined parasites were representatives of genera Orobanchе and Phelipanchе, the two genera of family Orobanchaceae in Bulgaria. the hosts included wild as well as crop species from families Asteraceae, Lamiaceae, Fabaceae, Euphorbiaceae, and Solanaceae.
The microbiological profiles of the rhizosphere communities of the following host-parasite associations were studied:
Genus 
Soil samples for analysis were taken from host rhizosphere in the period of florescence of the parasite. The broomrape specimens were collected from agricultural plots and from natural habitats of the wild hosts. For every trophic system, from the same location, uninfected plants of the respective species were collected for control.
Microbiological analyses were done in five replications, according to Koh's method (4): by a culture of diluted soil suspensions on nutrient media specific for every trophic group of microorganisms (9) . the population densities of the following groups of microorganisms were determined: autochtonous microorganisms, on soil extract agar; oligotrophic microorganisms, on diluted soil extract agar; Actinomycetes, the most probable number technique was used for estimating the microbial population sizes per gram absolute dry soil (MPn/g a.d.s). two indices characterizing the structure of microbial communities were calculated, the oligotrophic (oi) index and the mineralization-immobilization (MII) index. The data were analyzed by one-way analysis of variance (AnoVA). For every trophic group, the effect of the factor broomrape (η х 2 ) and its statistical significance were determined (12) .
Results and Discussion
the population density of all microbial communities formed in the presence of broomrapes was considerably decreased.
Regardless of the exact numbers in all involved host-parasite systems, the trend remained the same. the observed variations ranged from a half to one order of magnitude, and were statistically significant (p < 0.001), including O. аmethystea and P. ramosa (Fig. 1) . the communities of different types of organotrophic microorganisms responsible for carbon and nitrogen transformation and determining the direction of the processes related to plant nutrition were described by a set of parameters characterizing their general condition and biological stability. Significant quantitative alterations in the densities of different trophic groups were found ( Table 1) . Both autochthonous and oligotrophic microorganisms are representative of the overall biological status of soil microbial communities and were both affected by the presence of broomrapes. A reduction in their number by hundreds of millions/g a.d.s. was observed. this was more distinctive in the populations of autochthonous microorganisms, whose quantities in some of the examined systems were decreased by billions/g a.d.s. the average percentage decrease in the numbers in this group was 53.94 %. The differences were statistically significant (p < 0.001). the effect of the factor (η х 2 ) broomrape was found to be 27.74 % (F exp. = 8.06, at F tab. = 8.02). in the case of oligotrophic microorganisms, there were no statistically significant differences between the systems with infected and non-infected hosts (F exp. = 1.98, F tab . = 4.32) . the average percentage decrease in the population density was 30.95 % and an increase was even observed in the system P. mutelii + L. amplexicaule.
the actinomycetes and microfungi are other important determinants of the rhizosphere microbial community structure and functional biodiversity. they are also a substantial source of biologically active substances and have a major role in the mineralization processes in the soil. the densities of both microfungi and actinomycetes in the rhizospheres of host-parasite systems were remarkably decreased by more than 51 %. the differences between the infected and control hosts were statistically significant, and the effect of the factor broomrape was shown to be 20.59 % at р = 0.95 (F exp. = 5.45, F tab. = 4.32) for actinomycetes and 28.38 % at р = 0.99 (F exp. = 8.32, F tab. = 8.02 ) for microfungi.
A sharp decline in the populations of nitrogen-transforming microorganisms in the rhizosphere of broomrape-infected plants was observed. these particular trophic groups of microorganisms are highly specialized and closely related with plant nutrition and growth. the ammonifying microorganisms, which convert organic nitrogen compounds into ammonium ions available to the plants, were strongly affected by the presence of broomrapes. A dramatic drop, 75.44 % on average, in their quantities was observed. in the rhizosphere of hosts infected with Ph. ramose, the numbers of ammonifying microorganisms were reduced by billions in g/a.d.s, while in the other host-parasite systems by hundreds of millions. the effect of the factor broomrape on the population densities was found to be statistically significant (p < 0.05) and was determined to be 20.03 % (F exp. = 5.76, F tab. = 4.32).
A considerable decrease, 57.62 %, was estimated in the population density of mineral nitrogen-assimilating microorganisms, which actually compete with plants for available nitrate and ammonium ions, and are directly involved in the immobilization process. the most distinctive reduction was observed in the systems with crop hosts: in sunflower plants infected with O. cumana, over 700×10 6 /g a.d.s.; and in tobacco plants infected with P. ramosa and P. mutelii, over 2×10 9 /g a.d.s. the effect of the factor broomrape was estimated to be 24.21 %, (p < 0.05), (F exp. = 6.71 at F tab. = 4.32).
The population of nitrogen-fixing aerobic bacteria of genus Azotobacter in the rhizosphere of infected plants was also reduced by 65.18 %, which directly affected the supply of fixed nitrogen. The effect of the factor broomrape was 17.36 % at a confidence level of p < 0.05 (F exp. = 4.41 at F tab. = 4.32). Due to common nutritive sources, the microorganisms from diverse trophic groups are closely related, and depending on the environmental conditions, complement or substitute each other, thus regulating the structure and homeostasis of microbial communities. their function and stability relies on the equilibrium between the different trophic groups. Structural indices such as the oligotrophic index and the mineralization-immobilization index are indicative of the status of microbial communities. the oligotrophic index is a numerical expression of the equilibrium between autochthonous and oligotrophic microorganisms; whereas the mineralization-immobilization index, between ammonifying and nitrogen assimilating microorganisms. the oligotrophic index reflects the availability of organic compounds in the soil and the stage of decomposition of the organic matter, while the mineralization-immobilization Index describes the trends in the recycling of nitrogen compounds. in steady, effectively operating microbial communities, the values of these indices are roughly equal to 1. the two indices were found to be increased in the rhizosphere of all broomrape infected plants in comparison with that of the non-infected plants (Fig. 2) . A more distinctive increase, but with no statistical significance (F exp. = 0.78 at F tab. = 4.32), was observed in the values of the oligotrophic index. The mineralization-immobilization index values in some of the plant systems were similar or lower than those in the controls, but the differences were not statistically significant (F exp. = 2.22 at F tab. = 4.32).
this rise in the indices indicates a disturbance of the biological equilibrium in the microbial communities in the rhizosphere, which along with the quantitative fluctuations has a negative impact on the funcrion of these communities. the processes of immobilization of organic nitrogen and soil depletion are clearly pronounced.
Conclusions
It has been found that formation of AM can significantly suppress seed germination of parasitic weeds (6) . our results, however, demonstrated that this effect acts both ways: when different host-parasite associations are already established, they can also influence the level of biodiversity in major trophic groups of soil microorganisms in the rhizosphere. the reproducibility of the trends in all investigated plant-parasite systems suggests that, despite numerous factors that affect AM, the identified changes are an adaptive response of microbial communities precisely to the presence of broomrape. it is very important to expand the research in this area and further characterize the specifics of host-parasite-AM interactions at different stages of the broomrape life cycle.
